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SPECIFICATION 

TITLE OF THE INVENTION 

METHOD FOR FORMING MULTI -LAYER WIRING STRUCTURE 
5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a method for forming a 
mult i- layer wiring structure on a semiconductor wafer or on a 
glass substrate. 
10 DESCRIPTION OF RELATED ART 

In general, a device being formed on a semiconductor wafer 
or on a glass substrate has a multi-layer wiring structurer-with 
wh-i^h^-ir4ttg^f^^we:i^ a lower wiring 

layer and an upper wiring layer which are electrically connected 
15 through a so-called via hole. 

An dHowever , ten der in such the— a mult i- layer wiring 
structure A in-whieh-when only an insulating film or^a yor lios is 
provided between the upper wiring layer and the lower wiring layer , 
an unevenness of the lower wiring layer st ill r emafes wlll be present 
20 on the surface of the insulating fil m or layer , and it causes 
cut dow n breakage will be caused in -of the upper wiring layer which 
is formed on the uneven surface by a CVD method. Therefore, 
technologies for flattening are normally applied, fey-in_which 
recesses are filled up with SOG (Spin -On -Glass: silicon oxide 
25 film which is formed by coating and baking solution of silicon 
compound) . Among of- those, regarding an inorganic SOG including 
Si-H chemical bonds, it is disclosed in, for example, Japanese 



Patent Applicati on LaytocH^peR Publlcatlon No. Hei 8-316,228 
(1996) . 

The SOG, which is disclosed in Japanese Patent Application 
to ying Opon Publication No . Hei 8-316 , 228 (1996)T-hewever^ is the 
5 an inorganic SOG including *he — Si-H chemical bonds 
the rcf or eTher ef o re , it shows-has a high dielectric constant in 
comparison with that of an organic SOG, and i s e asy-^te-eause easily 
cracks due to heat. 

On the other hand , With the an organic SOG, though it does 

10 not have such the same problems asthat the-an inorganic SOG has— ^ 
o n the other hand However , it is easy to cause a_defect which is 
called as a "poisoned via" when a resist film is treated by a 
so-called an-ashing process by using oxygen gas. Especial-ly 
Particularly , in the-an organic SOG , an organic group ( for example , 

15 a methyl group (CH 3 )) is bonded to Si, and the atomic radius of 
the methyl group is larger than hydroge n atom that of a hydrogen 
group of the-an inorganic SOG-in^ate mic radius-thereof-r^thereforer 
i-t which causes a serious problem. 

This problem will be explalnedExplaining thi s by referring 

20 to Fig. 5 showing a method for forming a mult i- layer wiring 
structure of the conventional art— . first First of all, as shown 
in Fig. 5 (a), after being formed with a lower wiring layer 101 
thereon-ris formed on a substrate W, the substrate-*? is further 
form ed with a hillock protection film 102 is formed by a CVD method . 

25 Furt her on it, a As shown in Fig. 5 (b) , the-a_SOG film 103 is 
formed on the hillock protection film 102 , and thereafter, as 
shown in Fig. 5 (c), an upper wiring layer 104 is formed on the 
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SOG film 103. Further, a patterned resist layer 105 is provided 
as shown in Fig. 5 (d), and as shown is Fig. (e), the-a via hole 
(or a^ through hole) 106 is formed by using the patterned resist 
layer 105 as a mask through an etching process on the hillock 
5 protection film 102, the SOG film 103 and the upper wiring layer 
104. Next, as shown in Fig. 5 (f), the patterned resist layer 
105 is removed by the-an ashing process. Furthermore, as shown 
in Fig. 5 (g), conductive material 107 ef-such as aluminum is 
filled within the via hole 106 , thereby electrically connecting 

10 between them- the wiring layers and constructing the-amulti- layer 
wiring structure. 

Andln th is method, in a case tha^- where the- an organic 
SOG is appl-iedrtoused , as^hewn-in4^g^^-f-)-— the organic components 
thereof are decomposed erresolved when the resist layer is treated 

15 by the-an ashing process as shown in Fig . 5 ( f ) , and the a productions 
such as wate r, etc. , a^e^is stored within the films , thereby causing 
tfae-a defect 108 be^ng-which is called as the-a_" poisoned via" . 

Therefore, such a method as shown in Fig. 6, in which the 
an organic SOG is used and an etching back process is ne ces s aril y 

20 included — thoroin required , ±s — applicd has been employed . 
Namol y Specif ically , as shown in Fig. 6 (a), after being form ed 
with thc a lower wiring layer 101 is formed on a substrate W , the 
substrate W is further formed with th ea hillock protection film 
102 is formed by the-a CVD method , and further on it is form ed 

25 thea SOG film 103 is formed thereon . Next, as shown in Fig. 6 
(b), the-an etching back process is treated used for removing 
the organic SOG film 103 with an oxygen plasma etc. by such a 
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predetermined thickness— with— an-oxygen—pla* 
r^movi^gthat the organic SOG film 103 is removed to just above 
the lower iaye^wiring layer 101. Thereafter, as shown in Fig, 
6 (c), the- an upper -wiring layer 104 is formed, and as shown 
5 in Fig. 6(d), £he-aj>attemed resist layer 105 is formed to oovcr 
en-oyer the upper wiring layer 104, As shown in Fig. 6 (e), by 
t roatin g- with th e conducting an etching process and^the-a s ubsequent 
ashing process-ee ntin uousiy , the-ajvia hole 106 is formed en- in 
the hillock protection l ay er film 102 and the upper wiring layer 

10 104^ as- well as romoving and the resist layer is removed and 
f urthcr Fur ther , as shown in Fig. 6 (f), £he~conductive material 
107 of-such as aluminum is filled within the via hole 106 , thereby 
electrically connecting between the wiring layersthem and 
constructing t-he-a_multi- layer wiring structure. 

15 By t-rea^tabng-wlt-hus ing such the- an etching back process 

as shown in Fig. 6, the via hole is not-formed in a-positionan 
area where the organic SOG film 103 is locatod does not exist , 
therefore, s u c h t he a "poisoned via" will not oeeurbe generated . 
However, in recent years, a further pro moted mioroooopio 

20 proco s sing demand for miniaturization (for instance, less than 
or equal to 0,3 pm) is- has bee n requiredy-and . if-If the wiring 
pattern is miniaturized, the thickness of the organic SOG becomes 
thick in an area where the wiring patterns arc conoontratcd or 
dose to ca eh-othe gis dense , while it is- becomes thin in an area 

25 where the wiring pattern s arc coarse or roug h is less dense . 

Unde r s uch conditi en-r-ilf the organic SOG film under such 
conditions is otohing etched backed, there is a disadvantage that 



even-the wiring layer is undesirably a^so-removed by-the-eteh±ng 
preeess-in ail area where the wiring pat terns-are-eearse-or— rough 
is les s dense . 

5 SUMMARY OF THE INVENTION 

above, in accordance with the present invention , there is provided 
a method for forming a_multi- layer wiring structure, wherein a 
lower wiring layer and an upper wiring layer are electrically 

10 connected through a via hole, comprising the followin g-steps of: 
forming an organic SOG layer directly on said lower wiring layer 
or throughon a predetermined film including a hillock protection 
layer which is formed on said lower wiring layer i n advanc e ; forming 
said upper wiring layer on said organic SOG layer without processing 

15 using of- an etching bac k process ; forming a via hole through an 
etching process by using a patterned resist layer provided on 
said upper wiring layer as a mask; performing an ashing process 
with a plasma by making ions or radicals which ^s-are induced 
from oxygen gas as a main reactant , under an atmosphere of pressure 

20 ranging from 0.01 Torr to 30.0 Torr; and burying filling said 
via hole with conductive material so as to electrically connect 
betw een-said lower wiring layer and- to said upper wiring layer . 

By performing %fae- an ashing process with a plasma ef by 
making the-ions or radicals which is-are induced from tfce-oxygen 

25 gas as the-amain reactant under a low pressure ranging from 0.01 
to 30.0 Torr, preferably, by performing tho as hing proces s un deg 
low pressure ranging from 0.01 to 1.2 Torr, it is possible to 
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suppress the-decomposition o r rcsolution-of ^the-an organic group 
(for example, t-he-a CH 3 group T etc.) which is bonded to an Si 
atom of the organic SOG film, and thereby a s a rQG ^riL-t-of-^this-r 
prev ent ouch tho a m poisoned via" and so on wilrl— not— o c cur f r om 
5 bei ng g enerated during the ashing process. Conseq uently, 
Aeeordingl-yaccording to the prese nt in vention , -it — ean — be 
aeeem pli sh od without su eh-^bhean etching back process is not 
necessary . 

ArThe carbon content of said organic SOG layer lies botw eenis 
10 in the range of 5 through to 25 in-atomic weight % , more preferably , 
between 8 through to 20 in-atomic weight %. Hero , t The carbon 
content is a— seale-of—showingused to determine a ratio of the 
an organic group in the-an organic SOG, in more-detai-lother words , 
it can be theoretically calculated from a reaction amount of the 
15 an alkoxysilane compound f or preparing a coating -liquidof forming 
the-an organic SOG, and it is the-a ratio of ea^bon-the atomic 
weight of carbon w ith respect to the total atomic weight of all 
elements . 

If the carbon content is less than the range mentioned 
20 in th e-above, s ince the organic component is too small to thicken 
the f ilm-or layer , it is ea s y to cause the thus, cracks will easily 
occu r thoreln in addition to , and jb ooso an inherent advantage 
thereof , of an organic SO G i.e., a low dielectric constant is lost . 
On the other hand, if it- the carbon content is too mue hgreat , 
25 it io not preferable since short age occur s i n a lack of adhesion 
occurs between an insulating layer which is provided on an upper 
layer. 



For obtaining the-a film having the carbon content mentioned 
±n-^fche-abo ve , it is preferable to use, for example, a coating 
liquid containing a compound , which is obtained through hydrolysis 
and condensation of at least one being selected from alkoxysilane 
5 compounds in an organic solvent under existence of an acid 
catalys is cataly st , said alkoxysilane compound being expressed 
by a general equation, RnSi(OR 1 ) 4 . nr where R is an alkyl grou p 
rBfr- eg- an aryl group of- having a carbon number of f ro m -1 to / 

aryl group , R 1 is an alkyl group ef— having a carbon number of c 
10 #rem-l to 4, and n is an integer of 1 or 2. 

As an The following are examples of the alkoxysilane 
compound which is expressed by the above general equation— the 
foUowi-ngs-ean- bc li fted : 

(a) in a case that- where n=l , monoalkyltrialkoxysilane including: 
15 monomethyltrimethoxysilane , monomethyltriethoxysilane , 

monomethyl t ripropoxys ilane , monoethyltrimethoxysilane , 

monoethyltriethoxysilane , monoethyltripropoxysilane , 

monopropyltrimethoxysilane, monopropyl trie thoxys ilane, etc, , 
and monophenyltrialkoxysilane including: 

20 monophenyltrimethoxysilane, monophenyl trie thoxys ilane, etc, 

(b) in a_case ^hat-where n=2, dialkyldialkoxy Is ilane including: 
dime thy ldimethoxys ilane , dimethyldiethoxysilane , 
dime thy Idipropoxys ilane , diethyldimethoxysilane , 
diroethyldiethoxysilane , die thyldipropoxys ilane , 

25 dipropyldimethoxysilane , dipropyldiethoxys ilane # 

dlpropyldipropoxysilane, etc., and diphenyldialkoxy— silane 
including: diphenyldimethoxy-s ilane, diphenyldiethoxy-s ilane. 



etc. It is necessary to use at least one kind from (a) and (b) . 

If desired, as another compounds which can be condensed 
with the- (a) and (b) , i^-ease-^at^^^f-^e^empound^^aineiy- 
it is also effective to use a case where n=0 of the c o mpound which 

5 is ex pressed by t he above general equation, namely , (c) 

tetraalkoxysilane-; : including tetramethoxysilane, 

tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane, etc. 

Among those, the compounds preferable from ^practical 
view point are tetramethoxysilane, tetraethoxysilane, 
10 monomethyltrimethoxysilane , monomethyltriethoxysilane , 

dimethyldimethoxysilane, and dimethyldiethoxysilane . 

It is possible to use only one of those alkoxylsilane 
compounds , or two or more bei^g~seleeted-^-3?em-themin combination . 

GoneretelySpecif ically , when-combining combination of t-wo 

of combination o f the^(a), (b) and (c), aise-when~on±y-one-kind 
of-ihe-and (a) alone are preferable. 

Regarding the m ol ratio of reaction in the case that- where 
the two kinds of tho (a) and (c) are combined, upon-1 mol of (c) 

20 tetraalkoxysilane is reacted with 0 . 5 - 4.0 mol , more preferably 
1.0 - 2.0 mol of (a) monoalkyltrialkoxysilane , more preferably, 
b y reacting 1.0 2.0 mol o f-^-a^-r and thereby obtaining a d esirable 
coating -liquid containing a product obtained through hydrolysis 
and condensation thereof is use d. 

25 Fu rther, w hen-eero bining three kind s of th e ln the case where 

(a), (b) and (c) are combined , upon — 1 mol of (b) 

dialkyldialkoxysilane are-is reacted with 0.5 — 4L0 mol, more 



preferably 1. 0 - 3.0 mol of (c) tetraalkoxysilane an d 0.5 4 

reactin g 1-^- 0 3.0 m e3r-of^fche-f&)-and 0.5 -4.0 mol , mo re preferably 
0.5 - 3.0 mol of tfre— ( a ) monoalkyltrialkoxysilane , thereby 
5 obtai ning and a desirable-coating -liquid containing a product 
obtained through hydrolysis and condensation thereof is used. 

Further, in the case of only the (a) 

monoalkyltrialkoxysilane alone , - it i s L ikel y to o btai-n-a ladder 
typ o of product obtained through the-hydrolysis and condensation 
10 easily has a ladder type structure , and the- such a ladder type 
product of that ladder typo is preferable to form a fine film. 

The hHydrolysate obtained-with-the-hydroly^is-ean -may be 
one which is completely hydro ly zed or which is partially hydrolyzed. 
A-The degree of the hydrolysis can be adjusted by an amount of 
15 water to be added, therefore^ an d the amount of water to-be-added 
is adjusted appropriately depending on the char act eristics of 
the organic SOG intende &Layer to be formed . In general, it is 
desired that upo n total amount-^-mo 1 of alkoxy^i^ne-r^hieh-is 

20 ratio of 1.0 - 10.0 mol, more perferably at a_ratio of 1.5 - 8.0 
mol thoroof w ith respect to 1 mol of alkoxysilane which is used 
to prepare the coating liquid . If jr^- the ratio of water is too 
much lower than this range, the degree of hydrolysis eemes-dewn 
to-be becomes low and it becomes difficult to form the-a_ f ilmr 

25 th erefore u n de s irabl e. Further, i lf it- the ratio of water is 
too much higher than that this range , it io easy to occur gelation 
or gel formation, therefore, n e t preferable since easily occurs , 
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which causes lt results— bad stability for— the— ^mrpes e— of in 
preservat ion-^fchereof . 

Further, with-as for the acidie catalyst, both-ea ch of 
organic acid err and inorganic acid, which have been commonly used 
in the conventional art , can be used . As the organic acid , organic 
carboxylic acid ean-be— listed-; — i-neiu ding such as acetic acid, 
propionic acid, butyric acid, etc can b e used. As the inorganic 
acid^ e an bo listoe b — sueh-as— hydrochloric acid, nitric acid, 
sulfuric acid, phosphoric acid, etc. can be used. 

In this case, the acidie catalyst is added into the coating 
liquid in such a manner that co ncentration the concentration of 
acid lies within a range o f 1 - 1,000 ppm, more preferably 5 - 
500 ppm, or is added in a form- st ate of an acidic water-aqueous 
solution obtained by mixing the-acid and water to be added, and 
thereby obtaining-hydro lysis is performed . 

The hydrolysis completes tee-reaction thereof-is normally 
complet ed within 5 - 100 hours. Further, the reaction can be 
completed in a short reaction time by h eating it , at a tem perature 
fgero-roo m t emperature up to 8 0° C and-by droppadding the- an acid 
catalyst water^ aqueous solution of acidio catalyst into an organic 
solvent containing the-an alkoxysilane compound for the reaction 
thereof so as to be react ed at a temperature heated from room 
temp e ratur e up to 80° C. The alkoxysilane compound which is 
hydrolyzed in this manner causes a condensation reaction, and 
as a re s ult th ereof-r thereby it-obtains an ability to be-f ormed 
i n a f orm-of a f 1 lm-er-^Layer is obtained . 

As the organic solvent, various organic solvents which 
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have been commonly used in the conventional art, can be used. 
Fer^eExamples of such solvents-^ther^-ean-be-listed are : monohydric 
alcohol , including such a s methyl alcohol , ethyl alcohol , propyl 
alcohol, butyl alcohol , etc.; polyhydric alcohol, including sueh 
5 as-ethylene glycol , diethylene glycol , propylane glycol , etc . ; 
a polyhydric alcohol derivative , including sueh^s^ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, ethylene 
glycol monopropyl ether, ethylene glycol monobutyl ether, 
propylane glycol monomethyl ether, propylane glycol monoethyl 

10 ether, propylane glycol monopropyl ether, propylane glycol 
monobutyl ether, ethylene glycol monomethyl ether acetate, 
ethylene glycol monoethyl ether acetate, propylane glycol 
monomethyl ether acetate, propylane glycol monoethyl ether 
acetate, etc.; and a fatty acid, including sueh-an acetic acid, 

15 a propionic acid, etc. Those- These respeetive- organic solvents 
can be used not only one-by-one individually , but also used in 
combination of two or more kinds thereof , g elect ing-more-^bhan 
a-feenHfehem. With -As for the a mount of the m t o bo use dthe organic 
solvent , the organic solvent is used at a ratio of 10 - 30 mol 

20 of them i s used upo n with respect to 1 mol of alkoxysilane. 

Further, in accordance with the method for forming a 
mujrti mul t i - layer wiring structure of the present invention, 
preferable good results can be obtained with respect to thea SOG 
f ilmwhichis formed from a coating -liquid including polys ilazane. 

25 With suoh the polysilazano, l it is preferable that it-such 

polysilazane iies-inhas a weight -average molecular weight (Mw ) 
in polystyrene conversion of a range 1500 - 5000 i n averag e 



rangemore preferably 1 T 700 - 3-000 , which i s measured by gel 
permeation chromatography (GPC) . Furthermore, it is preferable 
5 that the dispersion degree (Mw/Mn) lies within a range from 1 
to 4, since it shows good stability for preservation. 

In particular , since the polysilazane has an active organic 
group inside (hydrogen a^feem-which is bonded to a_nitrogen atom 
and a silicon atom) within , therefore, — it is easy to cau s e 
10 bridge - building or chemical cross linking bridge formation easily 
o ccurs and thereby to- an increase of viscosity- or gelation is 
caused . For preventing this , it is preferable to use polysilazane 
in w hic h be-preees{red-wi-4^-hexaniet-hyle d irsijiazane-^fee— r-eplaee-a 




part of the active hydrogen is replaced with a trimethylsilil 
15 gr oup by pro cessing with hexamethyl disilazan e, since it has good 
stability for preservation. 

As the-an organic solvent for dissolving the-polysilazane, 
from view points of fire #ig htin g saf ety , dryness and stability 
for preservation, it is preferable that it i s to use a solvent 
20 having -low in hygroscopio oharaoto r hygroscopiclty . As Examples 
of such a com pound solvent , there can bo listed, s uch a s are; 
dialkylether of an alky 1 group ef- having a carbon number of more 
than 4, xylene, cyclohexane, dime thy lcyclohexane , 
ethylcyclohexane , p-men thane, decalin, 2,2,5-trimethylhexane, 
25 dipentene, decane, isononane, octane, etc. Among o f ^ ho se these , 
dialkylether of an alk yl group having a carbon number of more 
than 4 is preferable , and in particular , dibutylether is preferable . 



by^el^ermeation-ehromat-ography- 



L^-peir^ticulair-wit-hin-a 




Those- These respeet-ive-organic solvents can be used not only one 
by-oneindividually , but also used in combination of two or more 
kinds thereo f T—selee^jrng-me ro than— 2— ^rem-^hem . 

The coating liquid for forming the-an organic SOG f ilm- 
5 or the coating liquid containing the-polysilazane, in accordance 
with the present invention, is preferable to have the 
above-ment ioned hydrolysate of : fehe-abeve-me ntione d-alkoxysilane 
or *he-polysilazane at a concentration of 5 - 40 weight% ef-so±±d 
body, more preferably 10-25 weight% with respect to solids , 

10 so as to achieve a-stability for preservation and to thicken a 
film to be formed. 

Further , in the method for forming 4>he-an organic SOG film, 
the above-mentioned coating liquid is coated— applied onto a 
substrate of 1 such as a semiconductor substrate, a glass substrate, 

15 a metal substrate, a ceramic substrat e, etc. , by means of a 
so-called a-spinner method, a roll coating method, an immersion 
coating method, a spray method, a screen printing method, a brush 
painting method, etc., andr-it is dried to scatter or evaporate 
the solvent therein, and thereby *be-a_coating film is formed. 

20 Then, it is baked at ^the-a^ temperature of 250 - 500 ° C, and thereby 
^fehe-an organic SOG film being is formed. 

O n tho other hand, wit h Also, in the method for forming 
*he-a SOG film which is formed from *he-a_coating liquid containing 
the-polysilazane, it i s al s o formed in a similar m an ner to tha t 

25 m entioned in the ab ove the same steps are employed . 



BRIEF DESCRIPTION OF DRAWINGS 



Fig. 1(a) shows a graph of an infrared absorption spectrum 
whenl>ei^g^eated4*yin a case where an ashing process is per forme d 
for a predetermined time period-under an atmospheric pressure 
of 1 . 2 Torr by using a plasma ashing apparatus of leaf an da single 

5 wafer down- stream type-er-medel , and Fig. 1 (b) shows a graph 
of an infrared absorption spectrum when-bein g treated by in a case 
where an^fche ashing process is pe rformed for a time porio d -of 
30 seconds under a predetermined atmospheric pressure by using 
the same apparatus; 

10 Fig. 2(a) shows a graph of an infrared absorption spectrum 

w hen being treated by in a case where an ashing process is performed 
for a predetermined time period-under an atmospheric pressure 
of 1 . 0 Torr by using a plasma ashing apparatus of -leaf-anda single 
w afer down -stream model type, and Fig. 2 (b) shows a graph of an 

15 infrared absorption spectrum when-belng-trea ted-by in a case where 
an the ashing process is performed for a time peried-of 30 seconds 
under a predetermined atmospheric pressure by using the same 
apparatus ; 

Fig. 3 (a) shows a graph of an infrared absorption spectrum 
20 when being treated b y in a case where an ashing process is performed 
for a predetermined time periedr-under an atmospheric pressure 
of 0 . 8 Torr by using a plasma ashing apparatus of loaf an da single 
wafer down -stream type # and Fig. 3(b) shows a graph of aninfrared 
absorption spectrum when-bei^g-^troated-byin a case where the-an 
25 ashing process is performed for a time period of 20 seconds under 
a predetermined atmospheric pressure by using the same apparatus ; 

Fig. 4(a) shows a graph of an infrared absorption spectrum 



whefvfee^ng^r rcatcd by ln a case where an ashing process is per f ormed 
for a predetermined time peried-under an atmospheric pressure 
of 0 . 01 Torr by using a plasma ashing apparatus of leaf-anda single 
wafer down- stream type , and Fig . ±4_ ( b ) shows a graph of aninf rared 
5 absorption spectrum when being trea ted-byin a case where an-the 
ashing process is performed for a time p eriod-of 30 seconds under 
a predetermined atmospheric pressure by using the same apparatus ; 

Figs. 5 (a) through Fig. 5 (g) show processes for flattening 
in accordance with a- the conventional art; and 
10 Figs. 6 (a) through Fig. 6 (g) show processes of etching 

back in accordance with a— the conventional art. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, detailed explanations of the embodiments 
15 according to the present invention will be given by referring 
to the attached drawings. 
(Example 1) 

Preparation of Coating Liquid 

Totramethoxysilano of 246 g (1.62 mol) of 

20 tetramethoxysilane - and monomothyltriothoxysilano of 220 g ( 1 . 62 
mol) of monomethyltrimethoxysilane are dissolved and-mixed into 
propylcnogly eolm onopropylQthor — of — 635 g (5.38 mol) of 
propyleneglycolmonopropylether, and mixed . Next, a mixture of 
purif io d-wa tor of - 194 g (10.78 mol) of deionized water and njbtrie 

25 a cid of 24 ppm of nitric acid is daeeppadded in it thereinto and 
stirred slowly for about 5 hours . Thereafter, it is left standing 
still for 5 days ±a-aat room temperature so as to obtain a solution- 
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at^-5-welglvte-4r-ofhaving a solids state-concentration of 15 weig ht % 

thereof . 

As a c oatin g liq uid-r-t-h eThis solution menti^ned-in— the 
abo v e- is eoated- applied onto the-ahillock protection film covering 
5 a lower wiring layer formed on the substrate, thereby forming 
an organic SOG film. The carbon content in the organic SOG film 
which is obtained by a- the following equation-j-and is 9 . 4 atomic 
weight %: 

C/(CH 3 Si0 3/ 2 + Si0 2 ) X 100 
10 Then, on thi s organic SOG film is formed an upper wiring 

layer is formed on this organic SOG film w ithout performing the 
an etching back p roces s , and further- t-hea via hole is formed with 
an etching process by using t-he-a patterned resist layer as the 
a mask. Thereafter, with use of a plasma ashing apparatus of 
15 a leaf-type-and-a s ingle wa fer down- stream type, an ashing process 
is treated-perf orm ed so as to remove the resist filmlayer , by 
making ions or radicals which i-s-are induced from oxygen gas as 
a main reactant, under an atmosphereic ef-pressure of 1,2 Torr. 
Thereaf ter , the via hole is buaeiedrfilled with a conductive material 
20 so as to electrically connect between the lower layer wiring layer 
andto the upper layer wiring layer . 

Fig. 1 (a) shows the infrared absorption spectrums which 

are obtained by chan ging— setting the time period — of the 

above-mentioned ashing process- s oquontia l-ly , from a curve at 
25 a top thereof , i . o . , to 60 seconds, 45 seconds, 30 seconds, 15 
seconds and no proces s ing , respect ively . From this drawing, it 
is apparent that Si-C bendinag- bonds is-are not broken T in the 
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case of the present invention. 

On the other hand. Fig. 1 (b) shows the infrared absorption 
spectrums which are obtained thr^ugh-^^he^shing-preeess-for^O 
seco nds by usin g-^the-same-plasma s hin g-appa ratu s , by changing 
5 setting the pressure of th e above -men tioned ashing process , i . o . , 
to 50 Torr, 40 Torr, 35 Torr and 30 Torr, respect ively#rom-a-eii^ve 
at a top ■ thereof , sequent xally though — the — same — condition — as 
men tioned in the a bo ve is a p plied u n^ti^forming-^h o via-hele-by 
treating the etching p reeess , while the time is fixed to 30 seconds . 
10 From this drawing, it is apparent that the Si-C bonding bonds 
is-are broken and OH bonds are generated if the pressure during 
of^ the ashing process is high r-and-OH- bonding-is —caused. 
(Example 2) 

Preparation of Coating Liquid 

1 5 Tetramethexy^i-iane of 3 0 4 . 2—4 g (2 mol ) of 

tet ramethoxysilane , mono methyl trim ethoxysirl-aneof'2 7 2 . 4 g ( 2 mol ) 
of monomethyltrimethoxysilane and dimethyldimethoxy s i 1 ane- 120 . 2 
g (1 mol) of dimethyldimethoxysilane are dissolved andrmixed-into 
isopgep ylaloohol of 608.6 g (8.21 mol) of isopropylalcohol , and 

20 mixed . Next, a mixture of purified water of 288.0 g (16 mol) 
of deionized water and nitric acid of -40 ppm of nitric acid is 
dfepp add ed in it thereinto and stirred slowly for about 5 hours . 
Thereafter, it is left standing still for 5 days in— aat room 
temperature so as to obtain a solution , at 1 6- woight % o f having 

25 a solids state concentration thereof of 16 weight % . 

As a coating liquid, thc This solution mentioned in-t-he 
above is c oatc d - applied onto thea hillock protection film covering 
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a lower wiring layer formed on the substrate, thereby forming 
an organic SOG film. The carbon content in the organic SOG film 
which is obtained by a- the following equation-r-and is 14.6 atomic 
weight %: 

5 3C/[(CH 3 ) 2 Si0 2/ 2 + CH 3 SiQ 3 /2 + Si0 2 ->] X 100 

Then, on-^this-erg anic S OG f i lm -is-formed-an upper wiring 
layer is form ed on this or ga nic SOG film without conducting the 
an etching back process i-n-^-he-same-manne^-a s in th e-above. and 
further the a via hole is formed with an etching process by using 

10 the-a_patterned resist layer as the ajnask. Thereafter, using 
th e a_plasma ashing apparatus of a leaf typo and a single wafer 
down-stream type, an ashing process is treated-conducted so as 
to remove the resist fi-lmlayer, by making ions or radicals which 
is— are induced from oxygen gas as a main reactant, under an 

15 atmosphereic of-pressure of 1.0 Torr. Thereafter, the via hole 
is buried— filled with a conductive body— material so as to 
electrically connect between-the lower layer-wiring layer and 
to^the upper layer-wiring layer . 

Fig. 2 (a) shows the infrared absorption spectrums which 

20 are obtained by changing setting the time period of the 
above-mentioned ashing process- sequentially, fr o m a curve at 
a top thereof , i . o . , to 60 seconds, 45 seconds, 30 seconds, 15 
seconds and no processing , respectivel y. From this drawing, it 
is apparent that the Si-C bending- bonds £g- are not broken, in 

25 the case of the present invention. 

On the other hand. Fig. 2 (b) shows the infrared absorption 
spectrums which are obtained through the a s hing process for 30 
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seeoRds^y^sing-t-he-~sa mo plasma-ashing-^apparatus— by changing 
setting the pressure of the above-mentioned ashing process to T 
i--e-r-r 50 Torr, 40 Torr, 35 Torr and 30 Torr, respe ct ivelyfrom 
a curve at a top thereof, sequentially, th oug h the same-con dition 

t he etching pro cess, while the time is fixe d to 30 seconds. From 
this drawing, it is apparent that the Si-C bonding-bonds is-are 
broken and OH bonds are generated if the pressure during-of the 
ashing process becomes high , and OH bonding is c aused. 
10 (Example 3) 

Preparation of Coating Liquid 
A-solut-i^n^t^^ 

i^^sed-as ^eH3oati^g^4^ ladder type product 

obtained from monomethyltriethoxysilane through t-he-hydrolysis 

15 and ^fehe-condensation under t-he-existence of an acid catalysis 
catalyst is dissolved into ethanol-^ and - a solution having a 
solids concentration of 10 weight % is obtained. This eeating 
l iqu i d solution is c oated applied onto thea hillock protection 
film covering a lower wiring layer on the substrate , thereby forming 

20 an organic SOG film. Further, t The carbon content in the organic 
SOG film which is obtained by a^ the following equation , and is 
17.9 atomic weight %: 

C/[(CH 3 )Si0 3/ 2] X 100 

Then, on thi s organic S OG fil m i s form ed-an upper wiring 
25 layer is formed on this organic SOG film w ithout conducting the 
an etching back process in-i ho same-manner as in the ab ove, and 
further th ea via hole is formed with an_etching process by using 
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the-a patterned resist layer as £-he-a mask. Thereafter, using 
^the-a plasma ashing apparatus of a leaf-^feype-and-as ingle wafer 
down-stream type, an ashing process is dreaded-conducted so as 
to remove the resist #i-lm layer , by making ions or radicals which 
is— are induced from oxygen gas as a main reactant, under an 
atmosphereic ef-pressure of 0.8 Torr. Thereafter, the via hole 
is b uried filled with a conductive bedy^-material so as to 
electrically connect between- the lower wiring layer wirin g-andto 
the upper wiring layer- wiring . 

Fig. 3 (a) shows the infrared absorption spectrums which 
are obtained by eha ngin g — setting the time period — of the 
above-mentioned ashing process— seguentAal4y-r-feom^^urve-^t 
a-dep-dhereof hr-A-re— _ to 60 seconds, 45 seconds, 30 seconds, 15 
seconds and no processing, respectively. From this drawing, it 
is apparent that the_Si-C bonding-bonds i^s-are not broken-r in 
the case of the present invention. 

On the other hand. Fig. 3 (b) shows the infrared absorption 
spectrums which are obtained dhreugh-dhe^shing-^roeess for 20 
seeen d o by u s ing the same-plas ma ashing apparatus , by ehanging 
setting the pressure of the above-mentioned ashing process , i.e., 
to 40 Torr, 35 Torr, 30 Torr and 0.01 Tor r, respectively -frem 
a curve at a top thereof, sequentially, though the sa m e conditio n 

the etching process , while the time is fixed to 20 seconds . From 
this drawing, it is apparent that the Si-C beading- bonds is- are 
broken an d OH bonds ar e generated if the pressure d ur i n g-of the 
ashing process becomes high , and OH bonding is cau sed. 



(Example 4) 

Preparation of Coating Liquid 

A-solution a t 2 O-weigh t-%-^.-n-t-he-s o 1 id s t a t-e-eoneen trat-ion 

is — obtained — by — diss olvin g — inte — dibutylcther — a — A product 

5 (weight -averag e m olec ular weight = 2200, nu mber-a veragemolecular 
weight = 950, disper s io n =2.3) which is obtained by adding and 
reacting hexame^h yldivil azane— hexamet hyldisi lazane upon— with 
polysilazane-faverage-molee ular w eigh t ° 2200 , average^n olocul ar 
number~9 50 , dispersion^ .3), is dissolved into dibutylether , and 

10 a solution having a solids concentration of 20 weight % is obtained , 
in which the polysilazane is composed from ingredients , i.e. , 
such as di<3hrolos-i-lane-dichlo rosilane and ammonia according to 
an-ordinal common method . This eoating-liquidsolution is coated 
applied onto thea hillock protection film covering a lower wiring 

15 layer on the substrate, thereby forming a SOG film. 

Then, on-^fchis-^SQG-^il m is formed- an upper wiring layer 
is forme d on th is SOG film w ithout conducting the-an etching back 
process in the s ame-^nanne r a s in t he a bove, and further th ea via 
hole is formed with an etching process by using ^the-a patterned 

20 resist layer as *he-amask . Thereafter , using tbe-aplasma ashing 
apparatus of a loaf typo and a s ingle wafer down-stream type, an 
ashing process is treated conducted so as to remove the resist 
fil mlayer , by making ions or radicals which is- are induced from 
oxygen gas as a main reactant , for 30 seconds , under an atmosphere 

25 atmospheric of-pressure of 0.01 Torr. Thereafter, the via hole 
is bu ried filled with a conductive body— material so as to 
electrically connect betw een the lower wiring layer wi ri ng an d 



to the upper wiring layer-wiring. 

Fig. 4 (a) shows the infrared absorption spectrum after 
treating-with-the ashing process is conduct ed^and. f-renHFrom 
this drawing, it is apparent that the N-H bonding-b onds ig-are 
5 not broken- in the case of the present invention. 

On the other hand. Fig. 4 (b) shows the infrared absorption 
spectrum which arc is obtained throu gh^he-as^hMig-proee&s-for 
3€-se conds by-using-t-he-eam o plasma-ashing ap paratus-^-under^by 
setting the atmospheric pressure of the above-mentioned ashing 

10 process atto 35 Torr-r-th ough the same condition as mentioned above 
i s applied until forming the via hole by treating the etching 
process. From this drawing, it is apparent that the N-H bending 
bonds is -are broken and OH bonds are generated if the pressure 
during-of the ashing process becomes high v-and QH bonding -is eaus ed . 

15 As is fully explained in the above, in accordance with 

the present invention, decomposition er^?ese±utien-of the-an 
organic group (for example, the-amethyl group (CH 3 )- etc. ) bonded 
to the-an Si atom of the organic SOG film can be suppressed, and 
as a result, the phenomenon oallod known as a_ "poisoned via" will 

20 not occur during the ashing process of the resist f il m layer . 
Consequently, it can bo comp l eted or achieved without the etching 
back process can be omitted, and - thereb y simplification of the 
processes can be s implif ied obtainod . Further, the simiia^same 
effect can be e btaino d achieved frem- with respect to the SOG film 

25 which is formed from the — a_coating liquid containing the 
polysilazane. 

Moreover, since the etching back process can be omitted irt 



there is no possibility that the lower wiring layer wi^r-ing-is 
removed during the etching back process, and thereby being-able 
it becomes p ossible to eop o with form a further miniaturized 
pattern. 
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ABSTRACT OF THE DISCLOSURE 

For suppressing decomposition of an organic group (for example, 
a_CH 3 group) duri ng ash i ng proce s s , which is bonded to an_Si atom 
5 of an organic SOG film or layer for use in ^flattening process 
at the time of an a shin g proc ess , there is provided a method 
comprises comprisi ng the follo wing-steps of : forming an organic 
SOG layer directly on a lower wiring layer or through— on a 
predetermined film including a hillock protection layer which 

10 is formed on sai d the lower wiring layer in advance ; forming said 
an upper wiring layer on said— the organic SOG layer without 
process jbng-using of an etching back process; forming a via hole 
through an etching process by using a patterned resist layer 
provided on said -the upper wiring layer as a mask; performing 

15 an ashing process with a plasma by making ions or radicals which 
is— are induced from oxygen gas as a main reactant, under an 
atmosphere-ofic pressure ranging from 0.01 Torr to 30.0 Torr; 
and burying- f illing said via hole with a conductive material so 
as to electrically connect between -s ai dthe lower wiring layer 

20 and to said the upper wiring layer. 



